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HEATTRANSFERANDSURFACEPRESSUREDATA

OBTAINEDONA °0479 SCALEMODELSPACE

SHUTTLEEXTERNALTANKNOSESECTIONAT MACH

NUMBERSFROM2.5 TO 5.5 IN THEAEDC/VKF

TUNNELA (FHI3)

by

Harry R. Carroll
Martin Marietta Corporation, NewOrleans, La. 70189

ABSTRACT

Heat-transfer and surface pressure data were obtained on the Space

Shuttle FHI3 configuration external tank. These tests were designed to

obtain data illustrating the influence of a new vent cap/lightning rod

nose tip on vehicle heat-transfer and pressure distributions.

Tests were conducted at nominal Machnumbersof 2.5, 3.5, 4.5, and

5.5 at free-stream Reynolds numbersfrom 1.75 x lO6/ft to 5.8 x 106/ft.

Angles of attack ranged from -5 to I0 degrees at sideslip angles of 0 to

I0 degrees.
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NOMENCLATURE

Symbol

b

C

Cp

dt

dTw

dt

h(To)

h(Taw)

hi

href

hu

h/href

H

L

M®

Plot

Symbol

CP

DT

DTWDT

H(TO)

H(TAW)

HI

HREF

HU

H/HREF

L

MACH

ORI NO

PM/POP

PM/P

Definition

model skin thickness, in

chord, in

specific heat of model material BTU/Ibm-°R

coefficient of pressure

incremental time, sec

derivation of the model wall temperature
with respect to time, °R/sec

heat transfer coefficient based on Taw : T o ,
BTU/ft2-sec-R

heat transfer coefficient based on Taw,
BTU/ft2-sec-R

heat transfer coefficient in an interference
flow field, BTU/ft2-sec-R

reference heat transfer coefficient, BTU/ft2-sec-R

heat transfer coefficient in an undisturbed
flow field, BTU/ft2-sec-°R

ratio of heat transfer coefficient to reference
heat transfer coefficient

enthalpy, BTU/Ibm

length, in.

free stream Mach number

orifice number

ratio of measured pressure to pressure
behind normal shock wave

ratio of measured pressure to tunnel
static pressure



NOMENCLATURE(Continued)

Symbol

PO

P_

q_

Qi

St

Reoo

T_

To

Twi

Tw

Taw

T/C

t

V.

W

X

x/L B

Plot

_mbol

PM

PO

P

q

QDOT

STN NO

RN/L

T

TO

TW

TAW

T/C NO

V

X

XlLB

Definition

pressure measured at orifice

stagnation pressure, psia

free stream pressure, psia

free stream dynamic pressure, psia

heat transfer rate per unit area, BTU/ft2-sec

initial heat transfer rate, BTU/sec

theoretical stagnation point Stanton number for a
0.0479 foot (I scale foot) radius sphere calculated
from Fay-Riddell theory

unit Reynolds number, per foot

free stream temperature, °R

stagnation temperature, °R

initial model skin temperature, °R

model wall temperature, °R

adiabatic wall temperature, °R

thermocouple number

time, seconds

free stream longitudinal velocity, ft/sec

free stream velocity, ft/sec

model skin density, Ibm/ft 3

axial distance from nose to corresponding
component, in.

longitudinal location, fraction of length

8



b

_bol

Y

Z

(I

B

c

P_

B

P®

Plot

Symbol

Y

W.L.

ALPHA

BETA

MU

THETA

YAW

RHO

NOMENCLATURE (Concluded)

Definition

spanwise distance from centerline, in.

waterplane distance, in.

angle of attack, degrees

sideslip angle, degrees

local body surface angle, degrees

freestream viscosity, Ib-sec/ft. 2

angular position of T/C measured clockwise

viewing forward; top meridian e = 0°, degrees

model yaw angle, degrees

freestream density, Ibm/ft. 3



INTRODUCTION

Heat-transfer and pressure distribution data on the Space Shuttle

external tank forebody were obtained in the AEDC Supersonic Tunnel A during

tests performed from September 22 to 25, 1975. The objective of these

tests was to determine the influence of a new vent cap/lightning rod c(m-

figuration which forms the nose tip on the Shuttle External Tank. A

sprayed-on foam insulation (SOFI) material used to protect the tank is

sensitive to both heat transfer and mechanical shear. Consequently, n_)se

tip configuration influences on the vehicle flow field are important.

Tests were performed with an 0.0479 scale tank model with a reference

nose and the new vent cap/lightning rod nose. Runs were made at nominal

Mach numbers ranging from 2.5 to 5.5 at free stream Reynolds numbers b(_-

tween 1.75 x 106/ft to 5.8 x 106/ft at angles of attack from -5 to 10 de-

grees and at sideslip angles from 0 to I0 degrees.

Plotted data, tabulated data, model sketches, and run/collation sum-

maries are included in this document.

I0



TEST FACILITY DESCRIPTION

The AEDC von Karman Gas Dynamic Facility Tunnel A is a continuous,

closed-circuit, variable density wind tunnel with an automatically driven

flexible-plate-type nozzle and a 40-by 40-in. test section. The tunnel

can be operated at Mach numbers from 1.5 to 6 at maximum stagnation

pressures from 29 to 200 psia, respectively, and stagnation temperatures

up to 750°R (M_ = 6). Minimum operating pressures range from about one-

tenth to one-twentieth of the maximum at each Mach number. The tunnel

is equipped with a model injection system which allows removal of the

model from the test section while the tunnel remains in operation. A

description of the tunnel and airflow calibration information may be

found in reference 1 and an illustration of the tunnel is shown in fig. 2.
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CONFIGURATIONS INVESTIGATED

Overall geometry of the tank model illustrated in fig. 4 applies to

both the heat-transfer and pressure models. Tests started with the full-

length heat-transfer model at Mach number 5.5. However, it was evident

that tunnel choking would occur at some attitudes and test conditions

during model injection. Consequently, all runs beyond Group 30 were made

with the afterbody removed. All pressure runs were conducted with the

shortened configuration (afterbody removed).

The ogival portion of the heat-transfer model shell (fig. 4) was

electroformed from nickel and supported on a core fabricated from tool-

ing grade Masonite R. Channels were cut in the Masonite R to minimize

potential conduction influences on the thin-skin sections. Conical nose

components (fig. 5) were machined from Type 321 stainless steel. The

model was instrumented with 225 iron-constantan thermocouples.

Simulated external liquid oxygen (LOX) line, cable tray and support

brackets were fabricated from a fiberglass laminate and instrumented with

Gardon-type heat-transfer gages. The geometry of these protuberances and

the instrumentation locations are illustrated in fig. 6.

Figure 7 depicts the pressure model and gives the pressure orifice

locations.

Configurations tested are as follows:

12



CONFIGURATIONS INVESTIGATED (Concluded)

Configuration No.

1

Description

40-deg Nose-Clean
(No protuberances)

Double Cone (lO-deg - 40-deg)
(No protuberances)

Double Cone with Protuberances

The double cone (lO-deg - 40-deg) ET nose is identified as the

BI-CONIC ET nose in the dataset descriptors for configuration 2.

13



TEST CONDITIONS

Nominal test conditions were as follows:

LBM

M Re xlO6,FT -I po,pSia To,°R p ,psia T ,°R p® _ , FT2'sec

2.5 5.0 32.3 650 1.891 289 36.66
3.5 4.8 57 680 0.747 197 24.56
4.5 1.75 32.5 655 0.112 130 5.78
4.5 5.0 93 655 0.321 130 16.60
5.5 0.85* 27.3 690 0.029 98 2.14
5.5 5.00 160 690 0.172 98 12.54
5.5 5.80 184 690 0.198 98 14.41

*Data obtained at this condition were not satisfactory because of tunnel
blockage.

A complete test log is presented in Table I, Data Set/Run Number Collation

Summary, but the following list will help define available data.

Condition

M

Type Data Obtained

Heat Trans. Press.

2.5 No Yes
3.5 Yes Yes
4.5 Yes Yes
5.5 Yes No

*NOTE: Phosphor protuberance he_t-tr_nsfer data were obtained only at

M = 4.5, Re = 5.0 x I0 ° ft -l

Shadowgraph photographs were obtained during each run and are avail-

able from AEDC on request.

14



D
TEST PROCEDURE

Prior to each heat-transfer run the model was cooled to obtain a low

uniform initial temperature. The model was injected into the tunnel air-

stream at the desired angle of attack and sideslip angle. When the model

reached the tunnel centerline it was then translated forward 47 inches.

Typically, the times required for these operations were 15 seconds for in-

jection (about 3 seconds of actual exposure to the freestream) and ap-

proximately 4 seconds to translate to the forward section. A layout of

the model installation in the tunnel shown in fig. 3 will help in visualiz-

ing these procedures. The thermocouple outputs were scanned at the rate

of approximately 18 times per second starting prior to model injection

and continuing until the model had completed the forward translation.

A limited quantity of heat-transfer data were also obtained on the

protuberances (LOX line, cable tray and fairing) using a phosphor coating,

These data consist of photographs which provide a qualitative evaluation

of the heating distribution on the protuberances.

Pressure data were obtained by positioning the model in the foward

location at the desired test attitude and allowing the surface pressure

to stabilize before taking data.

15



DATAREDUCTION

The reduction of thin-skin thermocouple data normally involves only

the calorimetric heat balance as follows:

wbc.p__ dT w

h(T o) - To-T w dt (I)

Radiation and conduction losses are neglected in this heat balance and data

reduction only required evaluation of dTw/dt from the temperature-time data

and determination of model material properties. Estimated radiation effects

were negligible for the tank model; however, conduction was considered a

potential problem. The following procedure was used to identify conduction

influences and improve evaluations of the data.

Separation of variables and integration of Equation 1 assuming con-

stant w, b, Cp, and To yields

h(T o) To-Tw.

WbCp (t - t i) = an _Io w

Differentiation of Equation 2 with respect to time gives

(2)

h(To) d _ To-Twil

WbCp - dt an_To-_T wj

Since the left of Equation 3 is constant, plotting an iTo-Twi__

\To-T w /

versus time will give a straight line if conduction is negligible.

(3)

Con-

sequently, deviation from a straight line can be interpreted as conduction

effects.

The data were evaluated in this manner and a linear portion of the

curve was used for all thermocouples. A linear least-squares curve fit

of cn[(To-Twi)/(To-Tw)] versus time was applied to the reduction of

16



P
DATA REDUCTION (Continued)

(Equation 3). For most of the thermocouples, the curve fit started when

the model reached the tunnel centerline. Curve fits for thermocouples

located aft of x/L = 0.112 were started 2 seconds after centerline to

avoid the early fluctuations evident in the data. The curve fit extended

for a time span which was a function of heating rate as shown below:

Range

dTw/dt > 32

16 < dTw/dt < 32

8 < dTw/dt < 16

4 < dTw/dt < 8

2 < dTw/dt < 4

1 < dTw/dt < 2

No. of Points

5

7

9

13

17

25

The above time spans were generally adequate to keep the evaluation

of the right side of Equation 3 within the linear region. Linearity of

the fits was checked visually on the VKF graphics terminal.

The value of the model specific heat was not actually constant as

assumed and the following relations were used with the value of Tw at

the midpoint of the curve fit:

321 Stainless Steel

Cp = 0.0678679 + (1,3090 x lO'4)Tw

-(6.0303 x lO'8)Tw 2, BTU/LBM-°R

Nickel

Cp = 0.1467 - (2.173 x 10 -4 ) Tw + (3,367 x lO-7)Tw2

- (I.332 x lo-lO)Tw3, BTU/LBM-°R

17



DATA RFDIICTTON fPnn_n,,=H_

Material density values used are as follows:

Type 321 Stainless Steel: 492.48 LBM/FT3

Electroformed Nickel: 555.00 LBM/FT 3

The value of the turbulent adiabatic wall temperature, Taw was cal-

culated from the following expression supplied by Rockwell International:

Taw = To _l + a2 sin (,_J + _)a_ (4)

where aI, a2, and a3 are functions of Mach number and _ is the local body

surface angle and _ is the vehicle angle of attack. Note that the

absolute value of _ is used which makes this procedure applicable to only

the windward body ray.

below:

The constant values used herein are as listed

M_ a I a2 a3

3.5 0.928 0.1004 2.060
4.5 0.918 0.1004 1.870
5.5 0.913 0.1004 1.695

Attention should be given to the list of comments and suggestions

concerning use of these heat-transfer data. This list is located at the

beginning of the Appendix.

The calculation of "windward" HI/HU was determined by dividing the

H/HREF for the tank with protuberances by the H/HREF for the clean tank

for a specific alpha, beta condition. The calculation of "leeward" HI/HU

was determined by dividing H/HREF for the tank with protuberances at a

18



D
DATA REDUCTION (Continued)

specific alpha, beta condition by the H/HREF for the clean tank at alpha

and beta of zero.

The "windward" heating data and the "leeward" heating data were

plotted as shown below.

0
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9O
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180

210
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270

300

330

0

_0

W

W

W
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W W W W W L W W L

W W W W W L W W L
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W W W W W W L L L L

W W W W W W L L L L

W W W W W W L L L L

W W W W W W L W W L

W-WINDWARD

L-LEEWARD *

"Leeward" HI/HU values were selected for the THETAs indicated from

the following ratioed datasets.
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°

2.

3.

4.

5.

6.

7.

8.

9.

DATA REDUCTION (Concluded)

Plotted Dataset (HI/HU) = Ratio of Dataset (HI) to Dataset (HU)

DATASET (HI/HU) DATASET (HI) DATASET (HU)

CVDR05 = UVD038 / UVDO01

CVDRI4 = XVD035 / XVDOO7

CVDRI6 = XVD037 / XVDO06

CVDRI7 = XVD038 / XVDO07

CVDR20 = XVD047 / XVDO06

CVDR21 = XVD048 / XVDOO7

CVDI05 = AVD043 / YVDO01

CVDII6 = XVD042 / XVDO06

CVDII7 = XVD043 / XVDO07
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D
DATA PRECISION

Tunnel A stilling chamber pressure is measured with a 15, 60, 150

or 300 psid transducer referenced to a near vacuum. Based on periodic

comparisons with secondary standards, the uncertainty (a bandwidth which

includes 95 percent of the residuals) of these transducers is estimated

to be within ±0.2 percent of reading or ±0.015 psia, whichever is greater.

Stilling chamber temperature is measured with a copper-constantan thermo-

couple with an uncertainty of ±3°F based on repeat calibration.

Model temperatures were measured with iron-constantan thermocouples

with an estimated uncertainty of approximately ±0.5 percent of reading.

A list of thermocouple locations and corresponding skin thicknesses are

listed in table II. All information in table II was supplied by the

Martin Marietta Corporation,

Gardon-type heat-transfer gages were supplied and calibrated by the

VKF. These gages were all O.125-in. diameter and have an estimated un-

certainty in the calibration scale factor of ±5 percent.

Model surface pressures were measured with 15 psid transducers with

an estimated uncertainty of ±0.15 percent or ±0.003 psi whichever is

greater.

The pressure model ogive section was machined from aluminum and

treated to obtain a hard outer surface. Conical 40-deg. nose components

were machined from stainless steel and the alternate nose tips were

machined from brass. Protuberances were geometrically identical to those

mounted on the heat-transfer model, but they were fabricated from brass.
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DATA PRECISION (Concluded)

A total of 48 pressure orifices were used on the model and the orifice

locations are tabulated on figure 7.

Estimated uncertainties for the individual terms of Equation 2 in

the Data Reduction Section were used in a Taylor Series method of error

propagation to obtain uncertainty in values of heat-transfer coefficienrs.

Since most of the data showed heating rates between 1 and I0 °R/sec, an

overall uncertainty in h(T o) is estimated to be approximately ±9.2 per-

cent. Uncertainty in the heat-transfer coefficient, h(To), obtained from

Gardon gage data is estimated to be ±5 percent. Tunnel condition uncer-

tainties were:

Uncertainty, Percent (±)

Mach Mach
No. RexlO-6/FT No. Po To

2.5 5.00 0.8 0.2 0.5

3.5 4.80 0.5 0.2 0.5

4.5 1.75 0.4 0.2 0.5

4.5 5.00 0.4 0.2 0.5

5.5 0.85 0.3 0.2 0.5

5.5 5.00 0.3 0.2 0.5

5.5 5.00 0.3 0.2 0.5

Re_

l 3

l 3

l 3

l 3

1 l

1 1

l l

P_

m

3.0

2.8

2.5

2.5

1.8

1.8

1.8

q_ P_Pm

15 1.5

1 7 1.4

16 1.3

16 1.3

12 I.I

12 I.I

12 I.I
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TABLE II. - THERMOCOUPLE LOCATIONS

TC

No.

2

3

4

5

6

7

8

9

lO

11

12
13

14

15
16

17
18

19
20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

44

X,IN.

.75

.85

1.0

l.l

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

2.6
2.8

3.0

3.2

3.4

3.6

3.8

4.0
4.3

4.6

4.g

5.2

6.

7.

8.

9.
lO.

II.

13.

15.

17.

19.

21.0

.75

X/L B e _ b,
deg. deg. IN.

.0085

.0096

.Oil3

.0125

.O136

.0147

•O159
.0170

.Ol81

.0193

.0204

.0215

.0227

.0238

.0249

.0261

.0272

.0283

.0295

.0317

.0340

.0363

.0385

.0408

.0431

.0453

.0487

.0521

.0555

.0589

.0680

.0793

.0907

.I020

.I133

.1247

.1473

.1700

.1927

.2153

.2380

.0085

0

,,k

lO

lO

39.379

39.379

39.275

39.023

38.773
38.274

37.778

37.286

36.797

36.312

35.829

34.349

34.635

33.926

33.224

32.527

30.684

28.450

26.254

24.098
21.977

19.888

15.788

II.770

7.890

3.886

0

lO

.0280

.0280

.0200

.0260

.0320

0340

0360

0380

0430

0460

0420

.0420

.0410

.0410

.0410

.0400

.0410

.0380

.0330

.0280

.0250

.0200

0400

0410

0475

0500

0540
0540
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TABLEII. - THERMOCOUPLELOCATIONS(Continued)

TC
No.

45
46
47
48
49
5O
51
52
53
54
55
56
57
58
59
6O
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
86
87
88

X,IN. X/LB e
deg. deg.

18(85
l 0
l l
l 2
l 3
l 4
l 5
I 6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.8
3.0
3.2
3.4
3.6
3.8
4.0
4.3
4.6
4.9
5.2
6.
7.
8.
9.

lO.
11.
13.
15.
17.
19.
21.0

.75

.85
l.O

.0096

.Oil3

.O125

.O136

.O147

.O159

.O170

.O181

.O193

.0204
.0215
.0227
.0238
.0249
.0261
.0272
.0283
.0295
.0317
.03_0
.0363
.0385
.0408
.0431
.0453
.0487
.0521
.0555
.0589
.0680
.0793
0907
I020
I133
1247
1473
1700

.1927

.2153

.2380
.0085
.0096
.Oil3

180
180

180
90

lO
39.379

39.379
39.379
39 379
39 379
39 275
39 023
38 773
38 274
37 778
37286
36 797
36.312
35.829
35.349
34.635
33.926
33.224
32.527
30.694
28.450
26.254
24.098
21.977
19.888
15.788
II.770
7.809
3.886
0
0
0

39.379

IN.

.0540

.0280

.0270

.0280

.0270

.0280

.0285

.0280

.0300

.0320

.0335

.0360

.0370

.0395

.0405

.0410
.0425
.0430
.0430
.0420
.0420
.0410
.0420
.0360
.0350
.0300
.0290
.0290
.0530
.0500
.0490
.0500
.0580

1
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TABLE II• - THERMOCOUPLE LOCATIONS (Continued)

TC

No.

89

90

91
92

93
94

95

96

97

98

99

I00

lOl

I02

I03

I04

105

I06

I07
108

109

110
Ill

If2

ll3

If4

ll5

ll6

ll7

lib

If9

122

123

124

125

126

127

128

129

130

131

132

133

X,IN. XIL B e _ b,
deg. deg• IN.

l l

l 2

I 3

I 4

I 5

I 6

1.7

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.8

3.0
3.2

3.4

3.6

3.8

4.0

4.6

5.2

7.0

9.0

II .0

15.0

19.0

21.0

.85
l.O

l.l

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

.O125

.O136

.0147

•O159

.O170

.Ol81

.O193

.0204

.0215

.0227

.0238

•0249

.0261

•0272

.0283

.0295

.0317

0340

0363

0385

0408

0431

0453

0521

.0589

•0793

.1020

.1247

.1700

.2153

2380

0096

Oil3

O125

O136

O147

O159

O170

Ol81

•O193

•0204

.0215

.0227

270

90 39,379 .0580

39.275

39.023

38.773
38.274

37.778

37.286

36.797
36.312

35.829
35.349

33.926

32.527

28.450

24.098

19.888

II.770

3.886

0

0

39.379

.0280

.0240

.0290

.0300

0330

0380

0400

0410

0410

0420

.0420

.0410

.0420

.0405

.0290

.0250

.0375

•0385

.0530
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TABLEII. - THERMOCOUPLELOCATIONS(Continued)

TC
No.

134
135
136
!37
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

X,IN. X/LB e E b,
deg. deg. IN.

2.1
2.2
2.3
2.4
2.5
2.6
2.8
3.0
3.2
3.4
3.6
3.8
4.0
4.6
5.2
7.0
9.0

I1.0
15.0
19.0
21.0
1.3

.7

.0238

.0249

.0261

.0272

.0283

.0295

.0317

.0340

.0363

.0385

.0408

.043l

.0453

.0521

.0589

.0793

.I020

.1247

.1700

.2153

.2380
.0147

•O193

l
•0238

270

5

60

120

15O

210

240
3OO

330

15

60

120

150

210

240

3OO

330

15

60

120

150

210
240

39.379

39!275

39.023

38.773

38.274

37.778

37.286

36.797

36.812

35.829

35.349

33.926

32.527

28.450

24.098

19.888

II.770

3.886

0

39.379

1

.0280

.0300

.0310

.0345

.0355

.0380

.0380

.0400

.0400

.0425

.0425

.0410

.0405

.0370

.0295

.0240

.0450

.0480

.0550

.0550

1
.0280
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TABLE II. - THERMOCOUPLE LOCATIONS (Continued)

TC

No.

177

178

181

182

183

184

185

186

189
190

191

192

193

194

196

197

198

199

200

201

202

204

205

206

207
208

209

210
211

212

213

214

215

216

217

218

252
257

260

261
262

265

267

X,IN. X/L B e e b,
deg. deg. IN.

2.l .0238

2+5 .0283

,L 1
2.6 .0295

1 l
2.8 .0317

11
3.2 .0363

I 1
3.6 .0408

1.9 .0215

2.1 .0238

21.0 .2380 34.4

L 1, 36.5
3.9 .0442 40.6

47.5

300

330

120

150

210

240

300

330

120

150
210

240

300

330

60

120

150

210

240

300

330

60

120

150

210

240

300

330

15

60

120

150

210

240

300

330

39.379

38' 73

38!274

1
37 286

36 312

39.379

39.379

0

0

0

35.589

.0270

.0280

0.0220

0.0220

0.0300

0.0310

0.0260

0.0235

0.0220

0.0260

0.0335

0.0335

0.0310
0.0280

0.0280
0.0300

0.0295

0.0360
0.0335

0.0335

0.0335

0.0320

0.0325

0.0330

0.0365

0.0337

0.0350

0.0360

0.0390

0.0355

0.0400

0.0370

0.0405

0.0405

0.0380

0.0390

0.0280

0.0290

0.0500

0.0500

0.0500

0.0320

0.0320
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TABLEII. - THERMOCOUPLELOCATIONS(Concluded)

TC
No.

270
272
275
277
280
282
285
286
287
290
291

X,IN. X/LB o ¢ b,
deg. deg. IN.

5.5
5.6
7.4
7.4
9.2
9.2

13.0
13.0
13.0
16.9
16.9

.0635 37.8 31.606

.0635 42.5 31.606

.0839 36.4 27.566

.0839 40.I 27.566

.I043 35.7 23.671

.I043 38.8 23.671

.1473 34.8 15.788

.1473 36.5 15.788

.1473 37.3 15.788

.1915 34.5 8.006

.1915 36.0 8.006

0.0370
0.0370
0.0320
0.0320
0.0260
0.0260
0.0380
0.0380
0.0380
0.0550
0.0550
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TABLEIII. - GARDON GAGE LOCATIONS

TC
No.

251

253

254

255

256

258

259

263

264

268

269

273

274

278

279

283

284

288

289

G/G No. e

(DEG) X - INCH X/L B

GT-IO 32 1.5 .017

GT-II 32 1.8 .0_04

GT-09 31 I. 6 . O181

GT-12 32 I .9 .0221

GT-08 33 1.6 .0181

GT-07 32 21.0 .238

GT-19 32 21.5 .244

GT-OI 32 3,9 .0442

GT-13 32 4.4 .0449

GT-02 32 5.6 .0635

GT-14 32 6,1 .0691

GT-03 32 7.4 .0839

GT-15 32 7,9 .0895

GT-04 32 9.2 .1043

GT-16 32 9.7 .1099

GT-05 32 13.0 ,1473

GT-17 32 13.5 .1530

GT-06 32 16.9 .1915

GT-18 32 17.4 .1972
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Transducer Pa_.kage
and Electrical
Conduit I nstallation -_

°.

Figure 2. - AEDC von Karman Gas Dynamic Facility Tunnel A
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Figure 5. - I0°140 ° Cone Nose Detail

40

k,'.



/
/

C_

.r_w

%

_J

C_J _

•._ _

0 _.J

r_

J

LL.

41



i

%

r_

\

\\'X\\\

,,\', \ \\

\\\\\\

--.-_

J

+ k

!

£ b

0 _J

___ _-
o_-

_0 _"
_- o

cJ

"o l

_ LJ_

%

>.,. I
'_ I

42



m

>-.I

I
| ....

I

43

c-
O

°r.,-

e-

E

e-

U

L
e_

d

_d

e-
.r",*

4-)
c'-
0
(..)

I

i,



/

J
/

%

\

/

\

\

\

_J

.4-

_J

_-- o

4-) _,J

-i-) r---
c-" c__
(1) c-
E o

5-
4-) I
(,1")
_ °

°_1_ -r'-iu
nl

44



o

I

I

I _.k2, _,,I
i ,t• < _

- _ _< \ o "---_

i,-1 o

--__ I _ I1', _ I/

L

• ,.',.'._:;- 7C,l_-u,u.:._.,, ..."

i IJ.l 1I_LLU_.IJJ#i_I.!o_,:....'_-ooooi

F-Mrl=i.,1IR'I II-TI I rl =1I1 i-I I-i,I _] ! I

4.5

(Reverse of this page is blank.)

0
or-

rd
U
0
.._J

(D
0
.r-
W-
.r-
i-
0

_D

0

K.

¢n
u_

i.
C)_

I

t",,

_U
i-

.r-
U._



DATA

NOTE: The HI/HU values plotted were calculated based on the definition

of "leeward" and "windward" data given in the data reduction
section,
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APPENDIX

TABULATED SOURCE DATA

Tabulations of plotted data are available on request from
Data Management Services
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COMMENTS AND SUGGESTIONS FOR APPLYING FH-13 HEAT-TRANSFER DATA

The data indicate that significant conduction existed in the model

skin near the joint between the stainless-steel nose and the nickel

ogive section (x/L = 0.027). Consequently, it is recommended that

data be neglected for thermocouples located within at least +0.250

in. of the joint.

• When evaluating protuberance effects, note that some confusion can

be produced by the longitudinal heat-transfer distribution on the

top of the model (e = 0). In the vicinity of x/L: 0.04, a rise

in heat-transfer rate is obvious even when the protuberances were

not installed• This rise may be attributed to some problem in the

model skin or excessive roughness presented by screw heads and

panel joints in the cable tray region.

a The cable tray and GOX line tore away from the model sometime during

groups 34 and 35. Shadowgraph photographs do not clarify the prob-

lem since the brackets were still in place and produced a flow

field that appears to be the same as with the cable tray installed.

This problem could have influenced data up to group 39.

at Note that a few runs were made with the model heated prior to the

run. This initial heating when used in conjunction with a low

total temperature produced a cooling influence in the air stream.

Consequently, the mathematical sign on data from these runs will



COMMENTSANDSUGGESTIONS(Concluded)

indicate cooling. Runs in this category are group numbers57

through 69. The purpose of these runs was to resolve a controversy

over the value(s) of Tw/To = R or recovery temperature to be used

in data reduction.
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